- Fled plA l
D Vo >, @)

M5 @ NV ey 7 -__-:/1 7/ —,

< 5y, O =1 >

BC Ve = s =0

45—9 i "“*",Mf'}?l

!\fu ‘ibrcruu;cJ {'&7&
- 3 F gcnvte

[ B

47 U,
& ont ad all

Tlen

LA

5 0L ()

= N o N A2
L = i

‘/ é-:/ g" Flan 7l ‘f’f{,'/’ /coés‘ Tl

» A’ ol Fier=n),

duw = :_b__‘_“_cl e
e R 1 Y
ez 2f 2 ~f
tﬂﬁﬁé*ﬁ%yy
du- 32 |1 yvT 4 dy
21 2'5'(\5;';1 * % /
B
@Qu’walW o
* ‘T.';,;( = Uq»\ 3 x\)ﬂ
SOt ot 1D
* Y B fo )



Coatinwily o 36’1 J

Use
r"“ -
=y T T =%
2 Oy\fuv ap
7 B T
TN = % % E}_p;l Q/ } v= ’7’[\5—__?5__3
7 N2 o
= U P U
"o O x> 4
X e
(~ w2
gué\) = L"\JFK\!JU‘
v 2§ (0 =Geen)
/ai» jzgréﬂk e e _F-:jf ’_"'Q/"J“ - _{\n
@ 2l o g gt _
W= 7.“_;:( " j)
Zul, ik Me— B9
. & ) o "
;Ug»ﬂyuﬁgg )+ 212 0yy) 07V
R
; " /02 - o
E g 1yg)g" -

'ty
= ‘\D U’L "
=/
o
B Yoo
7O fog
(&
1-5(_2 Y O 0= M
T
@ iBC.' Y.—QO —ruz|)
Mzed, {I‘:j’-,,



Nou) %oluﬁ

5‘7’7”+ 7,7,,, .
e g'ro
"re g o
L =e0 g'=]

Lot = 7 /

¢ Ajf __?7:&] 7,,,_'(,
(g4
/
C

7
7’A

4/ &:A} — LY E e
e -a
¢ 47
7 = L
[
of 7L r2k =0 A K M= O
- LA Lo
| A g =
L\-’—L /I = 0D Iy =
1 h i b = |
buwry k(”['—cf)

Solse —= k[~

)?*’}W"‘# {e> {Lﬂd\otjj}( %(/'Vl:po') - \

et

t"(‘)—t ()

L_/'%é’ & %Cu,ol—u.—/ "‘*f"’i\ﬂ(, b—)/ ]\leﬂj‘}cﬂ\j v“(;}(og
Cossergr Fhe) = I, 71 =&
(P[uz ‘A L ¢ N
g ko, bl od h(q=w) [ gk 2ol F(R):0)




allFiles.m Page 1

$5TFTTLLLLLLLHT9893929%%%% FILE bbl.m 2%3%333324332333238232323%%%
D. 0. Lignell

11/4/09

Solution to the Blasius B.L.

u/u = f(eta);

eta = y/delta = y*sqrt(U/x/nu)

Governing equation: g * g'' + 2 * g''' = 0;
Boundary conditions:
eta=0, g'=0; ( y=0, u=0 )
( y=0, v=0 )
eta:infty' g'=l: ( Yzinfty' u=U)
Here, £ = g', £' =g'", £'" = g'""'

Rewrite this single ode as 3 first order ODE's:
g' h

h' k

k' =0 5%g*k
Boundary conditions:

0 ==> h=g=0;
infty --> h=1;

eta
eta

%
%
%
%
%
%
%
2
%
%
% eta=0, g=0;
%
%
%
%
%
2
%
2
%
%

% Solve with a shooting method

% (guess initial k, solve as IVP, find h at eta=infty, guess new initial k, repeat)
% (use Newton's method for the convergence).

% (or, k(eta=0) = 0.33206 is the solution)

global etaRange;

etaRange = [0 10]; % 0-10 is like O-infinity (by trial)
A R Converge the initial condition for k
kg = 0.0 % initial guess for k(eta=0)
for iter=0:5; % just do 5 Newton iterations
kg = kg - F(kg)/(dFdk(kg))
end
Frmean s Now we know kg = k(eta=0), so solve IVP
ghk0 = [0 0 kg]; 3 I¢ for-g, h, k
[eta ghk] = oded45(@rhs, etaRange, ghk0); % Solve the system

if( abs(ghk(end,2)-1) > 0.000001 )
error( 'Not converged, use more iterations');

end

e recover u/U = £ = g' = h

u U = ghk(:,2); $ u_ U is u/U
e Plot results

plot(u U, eta);

ylabel('eta');

xlabel('u/U");

title('Flat Plate Boundary Layer Solution');

LTI LLLLILLLLLLL28823%%% FILE F.m e e R R R R
function y = F(kg)

global etaRange;

ghk0 = [0 0 kg];
[eta ghk] = oded45(@rhs, etaRange, ghkO0); % Solve the system

y = ghk(end,2) - 1; % h(eta=infty)-1 = F(kg) = 0 when get kg



allFiles.m Page 2
end

FILLLRLLLLTLLLILT9883883%%%% FILE rhs.m FIELLLLLILLILLTLTLLLTLL229289%298%%

function r = rhs(eta, y)

=gt
o
~
_—
5]

r
r(l)
r(2)
r(3)

zeros(3,1);
h;

k;
—1/2*9*]!;

end

FTLHTLRBBLLLLLLR298299%833%%%% FILE dFdk.m FEEEHTTRLLLLLLLLTLRTLLTISE292959%%%
% Simple numerical derivative;

function y = dFdk(kg)

global etaRange;

dkg = 0.000001;
y = (F(kg+dkg) - F(kg)) / dkg;

end
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